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METHOD OF OPTIMIZING ROUTING IN A eters created and modified during the execution of 
CLUSTER COMPRISING STATIC programs ( as illustrated , each random access memory 

COMMUNICATION LINKS AND COMPUTER component may be associated with a microprocessor ) ; 
PROGRAM IMPLEMENTING THAT and , 

METHOD communication interfaces 208 adapted to send and to 
receive data . 

CROSS REFERENCE TO RELATED The node 200 furthermore possesses here internal storage 
APPLICATIONS means 212 , such as hard disks , able in particular to contain 

the executable code of programs . 
This application is a U . S . National Phase under 35 U . S . C . 10 The communication bus allows communication and 

$ 371 of International Application PCT / FR2011 / 051080 , interoperability between the different elements included in 
filed May 13 , 2011 , which designated the U . S . , and which the node 200 or connected to it . The microprocessors 204 
claims priority under 35 U . S . C . $ 119 to France Patent control and direct the execution of the instructions of 
Application Number 1002126 , filed May 20 , 2010 . The portions of software code of the program or programs . On 
disclosures of the above - described applications are hereby 15 powering up , the program or programs which are stored in 
expressly incorporated by reference in their entireties . a non - volatile memory , for example a hard disk , are trans 

ferred into the random access memory 206 . 
BACKGROUND It is observed here that the performance of a cluster is 

directly linked to the quality of the routes enabling the 
Field of the Invention 20 transfer of data between the nodes , that are established via 
The present invention concerns the routing in a cluster , communication links . In general terms , physical communi 

that is to say the determination of communication routes cation links are established between the nodes and the 
between a set of nodes of the cluster , and more particularly switches at the time of the hardware configuration of a 
a method of optimizing routing in a cluster comprising static cluster , the communication routes themselves being deter 
communication links and a computer program implementing 25 mined in an initialization phase on the basis of a definition 
that method . of the connections to be established between the nodes . 

Description of Related Technology According to the communication technology implemented , 
High Performance Computing ( HPC ) is being developed the configuration of the routes may be static or dynamic . 

for university research and industry alike , in particular in By way of illustration , the Infiniband technology enables , 
technical fields such as aeronautics , energy , climatology and 30 in a cluster , a static configuration of the routes . This con 
life sciences . Modeling and simulation make it possible in figuration uses static routing tables , known as Linear For 
particular to reduce development costs and to accelerate the warding Tables ( LFTs ) , in each switch . When this technol 
placing on the market of innovative products that are more ogy is implemented , a routing algorithm such as the 
reliable and consume less energy . For research workers , high algorithms known under the names FTree , MINHOP , UPDN 
performance computing has become an indispensable means 35 and LASH may be used . 
of investigation . In simplified manner , the FTree algorithm determines 

This computing is generally conducted on data processing routes such that they are distributed as much as possible 
systems called clusters . A cluster typically comprises a set of through existing communication links . For these purposes , 
interconnected nodes . Certain nodes are used to perform at the time of the routing of a communication network fully 
computing tasks ( compute nodes ) , others for storing data 40 connected in accordance with an FTree type architecture , 
( storage nodes ) and one or more others manage the cluster each node of the network is considered as having the same 
( administration nodes ) . Each node is for example a server importance . Thus , when a route is established between two 
implementing an operating system such as Linux ( Linux is nodes of the same link , the number of routes using that link , 
a trademark ) . The connection between the nodes is , for called the load of the link , is increased by one . When the 
example , made using Ethernet or Infiniband communication 45 routing algorithm seeks to establish a new route and there 
links ( Ethernet and Infiniband are trademarks ) . are several possibilities , it compares the load levels associ 

FIG . 1 is a diagrammatic illustration of an example of a ated with the links on which those possibilities are based and 
topology 100 for a cluster , of fat - tree type . The latter chooses the one whose links have the lowest load level . 
comprises a set of nodes of general reference 105 . The nodes The routing quality may be expressed in terms of the 
belonging to the set 110 are compute nodes here whereas the 50 number of routes per link . 
nodes of the set 115 are service nodes ( storage nodes and FIG . 3 , comprising FIGS . 3a to 3e , illustrates this routing 
administration nodes ) . The compute nodes may be grouped principle in a switch 300 at the time of an initialization phase 
together in sub - sets 120 called compute islands , the set 115 of a cluster comprising that switch . 
being called a service island . The switch 300 here has four input communication links , 

The nodes are linked together by switches , for example 55 denoted 310 - 1 to 310 - 4 , linking the switch 300 to inputs 
hierarchically . In the example illustrated in FIG . 1 , the nodes 305 - 1 to 305 - 4 and two output communication links , 
are connected to first level switches 125 which are them denoted 320 - 1 and 320 - 2 , linking the switch 300 to outputs 
selves linked to second level switches 130 which in turn are 315 - 1 and 315 - 2 . Prior to initialization , none of the links 
linked to third level switches 135 . 310 - 1 to 310 - 4 , 320 - 1 and 320 - 2 comprises any route . The 
As illustrated in FIG . 2 , each node generally comprises 60 load levels associated with those links are thus zero as 

one or more microprocessors , local memories and a com - illustrated in FIG . 3a beside each link . Then , when a route 
munication interface . More specifically , the node 200 here is to be established between the input 305 - 1 and an output 
comprises a communication bus 202 to which there are of the switch 300 , the link 310 - 1 ( the only one able to be 
connected : used ) is selected as well as the link 320 - 1 ( as the load levels 

central processing units ( CPUs ) or microprocessors 204 ; 65 associated with the links 320 - 1 and 320 - 2 are , here , equal to 
components of random access memory ( RAM ) 206 , com - zero , the first link is selected ) . The load levels associated 

prising registers adapted to record variables and param with the links 310 - 1 and 320 - 1 are then incremented by one 
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to indicate that those links are implementing an additional According to a particular embodiment , the method further 
route , as illustrated in FIG . 3b . comprises a step of obtaining a reference of a group to which 

In the same way , when a route is to be established between belongs at least one of the at least two identified nodes , the 
the input 305 - 2 and an output of the switch 300 , the link estimated value of the weight being at least partially esti 
310 - 2 ( the only one able to be used ) is selected as well as the 5 mated according to the group reference obtained . The 
link 320 - 2 ( as the load level associated with the link 320 - 1 method according to the invention thus makes it possible to 
is equal to one and the load level associated with the link optimize the routing of a cluster according to types of nodes 

without it being necessary to individually characterize each 320 - 2 is equal to zero , the latter link is selected ) . The load node . A type and / or a group of nodes is , preferably , deter levels associated with the links 310 - 2 and 320 - 2 are then mined according to the nature of the corresponding nodes . incremented by one to indicate that those links are imple - 10 Still according to a particular embodiment , the method 
menting an additional route , as illustrated in FIG . 3c . In further comprises a step of establishing a weight array , the 
similar manner , when a route is to be established between weight array representing weights of routes according to 
the input 305 - 3 and an output of the switch 300 , the link node identifiers , types and / or groups of nodes , the step of 
310 - 3 ( the only one able to be used ) is selected as well as the estimating a weight value using the weight array . The 
link 320 - 1 ( as the load levels associated with the links 320 - 1 15 management of the weights according to characteristics of 
and 320 - 2 are equal , the first link is selected ) . The load levels the nodes is thus particularly simple to implement . 
associated with the links 310 - 3 and 320 - 1 are then incre - The method may further comprise establishing the 
mented by one to indicate that those links are implementing selected route between the at least two identified nodes . 
an additional route , as illustrated in FIG . 3d . Still according to a particular embodiment , the method 

Lastly , when a route is to be established between the input 20 further comprises a step of updating at least one static 
305 - 4 and an output of the switch 300 , the link 310 - 4 ( the routing table , the at least one static routing table being 
only one able to be used ) is selected as well as the link 320 - 2 associated with at least one switch of the cluster , the at least 
( as the load level associated with the link 320 - 1 is equal to one switch linking at least the at least two nodes . The 
two and the load level associated with the link 320 - 2 is equal method according to the invention may thus be implemented 
to one , the latter link is selected ) . The load levels associated 25 easily , in particular in conventional architectures using 
with the links 310 - 4 and 320 - 2 are then incremented by one switches provided with static routing tables . 

In some aspects , routes are advantageously selected in to indicate that those links are implementing an additional order of the value of the weight associated with them in route , as illustrated in FIG . 3e . When all the routes between order to simplify the routing , routes associated with low the nodes have been established , the static routing tables for weights being easier to define than the routes associated with the switches are updated . higher weights . 
However , although these routing algorithms give good The communication links employed may in particular be results , they are not optimal . of Infiniband type . 

Inventive aspects also relate to a computer program 
SUMMARY OF CERTAIN INVENTIVE comprising instructions adapted for the implementation of 

ASPECTS 35 each of the steps of the method described earlier when the 
program is executed on a computer . The advantages pro 

One inventive aspect relates to a computer method for cured by that computer program are similar to those referred 
optimizing routing in a cluster comprising a plurality of to above . 
nodes , static communication links linking nodes of thethe 
plurality of nodes , the routing being based on load levels 40 BRIEF DESCRIPTION OF THE DRAWINGS 
associated with the communication links , the method com 
prising the following steps , The following detailed description , given by way of 

identifying at least two nodes of the cluster , a connection non - limiting example , relative to the accompanying draw 
having to be established between the at least two ings in which : 
identified nodes ; 45 FIG . 1 illustrates an example of topology for a cluster ; 

determining at least one route connecting the at least two FIG . 2 illustrates an example of architecture for a node of 
identified nodes according to the communication links , a cluster ; 
the at least one route being determined according to the FIG . 3 , comprising FIGS . 3a to 3e , illustrates the routing 
at least two identified nodes , a plurality of communi - principle , according to an FTree type algorithm , in a switch 
cation links of the communication links and at least one 50 at the time of an initialization phase of a cluster comprising 
load level associated with each communication link of that switch ; 
the plurality of communication links , and selecting a FIG . 4 , comprising FIGS . 4a to 4d , illustrates an example 
determined route ; of the principle of routing with weights , in a switch , in 

estimating a weight value associated with the selected accordance with the invention , at the time of an initialization 
route ; and 55 phase of a cluster comprising that switch ; and , 

incrementing a load level associated with each commu - FIG . 5 is a diagrammatic illustration of an example 
nication link of the selected route . algorithm implemented to determine and select a route 

In some aspects it is possible to optimize the routing of a connecting two nodes , during a phase of routing a commu 
cluster by associating weights with routes in order to favor n ication network using static communication links , as well 
or disfavor certain routes relative to others according to 60 as to determine the load level of a communication link after 
characteristics of the cluster and of the nodes employed the selection of a route . 

The method may further comprise obtaining a type of 
node for at least one of the at least two identified nodes , the DETAILED DESCRIPTION OF CERTAIN 
estimated value of the weight being at least partially esti INVENTIVE EMBODIMENTS 
mated according to the obtained type of node . In some 65 
aspects it possible to optimize the routing of a cluster It has been observed that if the routes of a communication 
according to types of nodes . network in a cluster are of the same nature , the nature of the 
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nodes linked by those routes plays a role with regard to the switch 400 , the link 410 - 1 ( the only one able to be used ) is 
volume of data exchanged and thus with regard to the selected as well as the link 420 - 1 ( as the same zero load level 
bandwidth used . Thus , for example , a route connecting two is associated with the links 420 - 1 and 420 - 2 , the first link is 
compute nodes generally uses less bandwidth than a route selected ) . It is assumed here that the object of the route using 
connecting a compute node to a storage node . 5 the links 410 - 1 and 420 - 1 which has just been established is 

The invention is thus directed to the use of the nature of to connect a compute node to a storage node . Consequently , 
the nodes of a cluster to attribute a weight , or a weighting if the weight value of a route connecting nodes of compu 
coefficient , to the routes connecting those nodes at the time tation and storage type is 200 , that value is used to increment 
of the routing . The assignment of weights to routes con - the load level of the links 410 - 1 and 420 - 1 , as illustrated in 
necting certain types of nodes of a cluster makes it possible 10 FIG . 4b . 
to bias the routing algorithm used in relation to certain routes In the same way , when a route is to be established between 
and , consequently , to optimize the allocation of bandwidth the input 405 - 2 and an output of the switch 400 , the link 40 - 2 
to each route in the communication links employed . ( the only one able to be used ) is selected as well as the link 

In a conventional manner , when the routing algorithm 420 - 2 ( as a load level equal to 200 is associated with the link 
used establishes a route between two nodes and there are 15 420 - 1 and a zero load level is associated with the link 420 , 
several possibilities , it compares the load levels associated the latter , whose load level has the lowest value , is selected ) . 
with those possibilities , that is to say , typically , the number Again , if it is accepted that the object of the route using 
of routes using the links corresponding to those possibilities , the links 410 - 2 and 420 - 2 which has just been established is 
and chooses the one whose load level is the lowest . How to connect a service node to a compute node and that the 
ever , in accordance with the invention , when a route is 20 weight value of a route connecting nodes of service and 
established between two nodes , the load level of the com - computation type is 99 , that value is used to increment the 
munication links supporting that route is incremented load of the links 410 - 2 and 420 - 2 , as illustrated in FIG . 4c . 
according to a weight whose value is linked to the types of In similar manner , when a route is to be established 
those two nodes . between the input 405 - 3 and an output of the switch 400 , the 

The assignment of a given weight to certain types of 25 link 410 - 3 ( the only one able to be used ) is selected as well 
routes makes it possible to bias the routing in favor of certain as the link 420 - 2 ( as a load level equal to 200 is associated 
routes which have specific needs in terms of bandwidth . with the link 420 - 1 and a load level equal to 99 is associated 
Thus , by using a weight whose value is high for a route with the link 420 , the latter , whose load level has the lowest 
connecting two nodes , it is possible to allocate a higher value , is selected ) . If it is accepted that the object of the route 
bandwidth to the communication of data between those 30 using the links 410 - 3 and 420 - 2 which has just been estab 
nodes . lished is to link two computation nodes and that the weight 

The assignment of weight to routes during a routing phase value of a route connecting nodes of computation type is 1 , 
may be performed through an application program interface that value is used to increment the load of the links 410 - 3 
( API ) . and 420 - 2 , as illustrated in FIG . 4d . 

According to a particular embodiment , a weight file , 35 This method is advantageously applied to determine all 
called weight _ file , is used to assign weights to routes defined the routes of the cluster at the time of its initialization . 
by port identifiers , called port GUIDs ( standing for Globally Furthermore , at the time of the routing phase , the routes 
Unique IDentifiers ) in a communication network of Infini - are , preferably , determined in an ordered manner such that 
band type . a route associated with a weight of value greater than that of 

Such a file is analyzed before the routing phase . It 40 a weight of another route is determined before that other 
contains a list of the communicating elements of the com - route in order to optimize the routing . This order may be 
munication network , typically nodes , grouped by type , and determined from the weight array and groups of nodes 
a list of weights for pairs formed between those groups . At making it possible to identify them on the basis of their type . 
the time of their analysis , those weights may be used for An extract of a weight file is presented in an appendix 
filling an array that describes the load increment to be used 45 hereto ( extract 1 ) . It illustrates an example of grouping of 
for each communication link during the routing phase . By nodes of a communication network , each group here repre 
default , when the value of a weight for a route connecting senting distinct types of nodes , as well as the attribution of 
two types of nodes is not defined , its value is equal to one . weight to node type pairs . 
When a route is established through a set of links during According to this example , the nodes having the values 

the routing phase , the load level associated with each of 50 Ox100901 , Ox101201 , 0x100903 , Ox1101203 , Ox101207 , 
those links is incremented by the value of the weight linked Ox100909 and Ox101209 as port GUIDs are nodes of " stor 
to the types of nodes between which the route is established . age ” type . The definition of a node type is made here using 

FIG . 4 , comprising FIGS . 4a to 4d , illustrates this routing the indication DEF followed by the name of the group itself 
principle in a switch 400 at the time of an initialization phase followed by the list of the corresponding port GUIDs , placed 
of a cluster comprising that switch . 55 between curly brackets . Similarly , the nodes having the 

Like the switch 300 illustrated in FIG . 3 , the switch 400 values 0x100905 , 0x101205 and 0x100907 as port GUIDs 
here has four input communication links , denoted 410 - 1 to are nodes of " admin " type , that is to say administration 
410 - 4 , linking the switch 400 to inputs 405 - 1 to 405 - 4 and nodes . Similarly , the nodes having the values Ox10090b , 
two output communication links , denoted 420 - 1 and 420 - 2 , 0x010120b , Ox10090d , Ox10120d , Ox10090f , Ox10120f , 
linking the switch 400 to outputs 415 - 1 and 415 - 2 . The 60 Ox100911 , Ox101211 , Ox100913 , Ox101213 , Ox100915 , 
inputs are , for example , outputs from nodes of the network Ox100917 , Ox101217 and 0x100919 as port GUIDs are 
or outputs of other switches . nodes of " compute ” type . Furthermore , a node type called 

Prior to initialization , none of the links 410 - 1 to 410 - 4 , " service ” groups together all the nodes of " storage ” and 
420 - 1 and 420 - 2 comprises any route . The load level asso - " admin " type . 
ciated with each of those links is thus zero as illustrated in 65 The weights are given here at the end of the file . The 
FIG . 4a beside each link . Then , when a route is to be syntax to define the weight of a route connecting two nodes 
established between the input 405 - 1 and an output of the here uses the formulation “ ID1 = > ID2 weight ” where ID1 is 
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the port GUID or the originating group of the node , ID2 is at this stage , to determine the type thereof and / or to deter 
the port GUID or the recipient group of the node and weight mine the group or groups to which they belong . 
is the value to be used during the calculation of the load level The types of the nodes , the group or groups to which they 
for a link . According to this example , a weight value equal belong and / or their identifier , for example their port GUID , 
to 200 is added to all the routes going from a compute node , 5 are then used to estimate the weight of the route connecting 
i . e . a node of “ compute ” type , to a storage node , i . e . a node those nodes ( step 520 ) . The weight is , preferably , given 
of “ storage ” type ( < < compute = > storage 200 > > ) . Similarly , directly by reading the weight array determined in advance . 
a weight value equal to 99 is added to all the routes going Alternatively , a weight may be estimated according to a 
from a service node , i . e . a node of “ service ” type , to a reference stored in the weight array according to a prede 
compute node , i . e . a node of “ compute ” type 
( < < service = > compute 99 > > ) . In the same way , a weight weight array may also be increased or reduced according to 
value equal to 200 is added to all the routes going from an particular circumstances linked , for example , to the topology 
administration node , ( a node of “ admin ” type ) , to a storage of the cluster and to the position of the links implemented by 

the route considered . node , i . e . a node of “ storage ” type ( < < admin = > storage 15 
200 > > ) . 15 The weight estimated for the selected route is then used to 

update the load level associated with the communication According to a particular embodiment , if the weight links implemented by the route considered ( step 525 ) . As associated with a route linking two types of nodes appears described earlier , the value of the estimated weight may be several times in the weight configuration file , the weight added to the load level of the communication links 
associated with that route is equal to the cumulative amount 20 emploved by the route considered . 
of the specified weights As suggested by the arrow in dashed line , steps 505 to 525 

Naturally , other weights may be defined . Similarly , a may be repeated to establish new routes . Typically , steps 505 
different syntax may be used . Moreover , if , according to the to 525 are repeated for all the routes to be established in the 
examples given previously , the routes are considered as cluster in which the algorithm illustrated in FIG . 5 is 
being directional , the load level associated with a route may 25 implemented . 
be the same as that associated with the reverse route as if the It is observed here that this algorithm may , for example , 
routes were bidirectional . be implemented in a device whose architecture is similar to 

FIG . 5 is a diagrammatic illustration of an example that described with reference to FIG . 2 . that described with reference to FIG . 2 . 
algorithm implemented to determine and select a route This algorithm is implemented in the network manager 
connecting two nodes , during a phase of routing a commu - 30 running on an administration node . 
nication network using static communication links , as well Furthermore , it is observed that the use of weight in a 
as to determine the load level of a communication link after routing algorithm is compatible with a quality of service 
the selection of a route . ( QoS ) management algorithm . It is to be recalled here that 

A first step ( step 500 ) is directed to the initialization of a quality of service management , typically based on levels of 
weight array enabling a weight to be associated with a pair 35 service and credits associated with each route according to 
of nodes formed from two nodes ( the same weight whatever a virtual link concept , makes it possible to favor certain 
the direction of the route ) or from an originating node and routes in case of contention of the network . This manage 
a recipient node ( weight linked to the direction of a route ) as ment is thus independent of the routing in itself . These two 
illustrated in the appendix ( table 1 ) . This array may in approaches are thus complementary to improve the trans 
particular be established from a weight file such as the one 40 mission of data in a cluster and thus improve the perfor 
presented in the appendix ( extract 1 ) . This step also makes mance of the latter . 
it possible to store the matches between an identifier of a While the above embodiments have been described with 
node and its type and / or one or more groups to which it reference to the accompanying drawings , it is to be under 
belongs . Alternatively , the weight array may directly estab - stood that the present disclosure is not limited to the dis 
lish the weights associated with each pair of nodes as 45 closed embodiments , but , on the contrary , is intended to 
partially illustrated in the appendix ( table 2 ) . cover various modifications and equivalent arrangements 

Table 1 indicates the weight to be attributed to a route included within the spirit and scope of the appended claims . 
connecting a source node type to a recipient node type 
whereas table 2 indicates the weight to be attributed to a APPENDIX 
route connecting a source node to a recipient node . 50 

In a following step ( step 505 ) , a pair of nodes between Extract 1 

which a route is to be established is identified . The pair of DEF storage { nodes here comprises a source node and a recipient node . 0 x 100901 
This step is a basic step of the routing algorithms to enable 0 x 101201 
definition of the routes to be established . The nodes are , for 55 0 x 100903 

example , identified according to port GUIDs . 0 x 1101203 
0 x 101207 

The steps of determining possible routes to connect those 0 x 100909 
identified nodes and of selecting the best route are then 0 x 101209 
carried out ( step 510 ) according to a standard algorithm , for 

DEF admin { example according to the FTree algorithm . 0 x 100905 In a following step ( step 515 ) , the type of the identified 0 x 101205 
nodes or the group or groups to which they belong are 0 x 100907 
obtained according to the information obtained during the 
initialization step . As suggested by the use of dashed line , DEF service { 

storage this step is optional since if , in particular , the weight array 65 admin 
determined during the initialization phase directly associates 
weights with the identifiers of the nodes , it is not necessary , 

60 
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estimating a weight value associated with the selected 
route based at least in part on the obtained node type ; 

APPENDIX - continued 
Extract 1 and 

DEF compute { 
0 x 10090b 
0 x 10120b 
0 x 10090d 
0 x 10120d 
0 x 10090f 
0 x 10120f 
0 x 100911 
0 x 101211 
0 x 100913 
0 x 101213 
0 x 100915 
0 x 100917 
0 x 101217 
0 x 100919 

15 

incrementing or decrementing a load level associated with 
each communication link of the selected route by an 
amount based at least in part on the estimated weight 
value . 

2 . The method according to claim 1 , further comprising 
obtaining a reference of a group to which belongs at least 
one of the at least two identified nodes , the estimated value 
of the weight being at least partially estimated according to 
the group reference obtained . 

3 . The method according to claim 1 , wherein a type and / or 
a group of nodes is determined according to the nature of the 
corresponding nodes . 

4 . The method according to claim 1 , further comprising 
establishing a weight array , the weight array representing 
weights of routes according to node identifiers , types and / or 
groups of nodes , wherein the estimating of the weight value 
is performed using the weight array . 

5 . The method according to claim 1 , further comprising 
establishing the selected route between the at least two 
identified nodes . 

6 . The method according to claim 1 , further comprising 
updating at least one static routing table , the at least one 
static routing table being associated with at least one switch 
of the cluster , the at least one switch linking at least the at 
least two nodes . 

7 . The method according to claim 1 , wherein routes are 
selected in order of the value of the weight associated with 

compute = > storage 200 
service = > compute 99 
admin = > storage 200 

20 

TABLE 1 
dest . 

25 source storage admin service compute 

99 storage 
admin 
service 
compute 

200 
1 

200 
30 them . 

source 

200 . . . 
- 

200 
. . . 40 40 

8 . The method according to claim 1 , wherein the com 
TABLE 2 munication links are of Infiniband type . 

9 . A non - transitory computer readable medium compris 
dest . ing instructions that when executed by a processor perform 

35 the method of : 
0x100901 0x101201 0x100903 . . . 0x100919 identifying at least two nodes of a cluster , a connection 

Ox100901 - 200 200 200 having to be established between the at least two 
Ox101201 200 identified nodes ; 
Ox100903 200 determining at least one route connecting the at least two 
0x100919 200 200 identified nodes according to the communication links , 200 200 200 200 

the at least one route being determined according to the 
at least two identified nodes , a plurality of communi 

The invention claimed is : cation links of the communication links and at least one 
load level associated with each communication link of 1 . A computerized method of optimizing routing in a 45 

cluster comprising a plurality of nodes , static communica the plurality of communication links , and selecting a 
tion links linking nodes of the plurality of nodes , the routing determined route ; 
being based on load levels associated with the communica obtaining a node type for at least one of the at least two 
tion links , the method comprising : identified nodes , wherein the obtained node type indi 

identifying at least two nodes of the cluster , a connection 50 cates that the at least one identified node primarily 
having to be established between the at least two performs storage tasks , computation tasks , or manage 

identified nodes ; ment tasks with respect to its role in the cluster ; 
estimating a weight value associated with the selected determining at least one route connecting the at least two 

identified nodes according to the communication links , route based at least in part on the obtained node type ; 
and the at least one route being determined according to the 55 

at least two identified nodes , a plurality of communi incrementing or decrementing a load level associated with 
each communication link of the selected route by an cation links of the communication links and at least one amount based at least in part on the estimated weight load level associated with each communication link of 

the plurality of communication links , and selecting a value . 
10 . The method according to claim 1 , wherein the deter determined route ; 60 mined route that has the lowest load level is selected . obtaining a node type for at least one of the at least two 11 . The non - transitory computer readable medium identified nodes , wherein the obtained node type indi according to claim 9 , wherein the determined route that has cates that the at least one identified node primarily 

performs storage tasks , computation tasks , or manage the lowest load level is selected . 
ment tasks with respect to its role in the cluster ; * * * * * 


